We ascribe the interpretation of the twin kilohertz Quasi Periodic Oscillations (kHz QPOs) of X-ray spectra of Low Mass X-Ray Binaries (LMXBs) to the MHD Alfven wave oscillations in the different mass density region of the accreted matter at the "quasi sonic-point" radius, and the upper kHz QPO frequency coincides with the Keplerian frequency. The proposed model concludes that the kHz QPO frequencies inversely depend on the disk radius, and the theoretical relation between the upper frequency (ν2) and the lower frequency (ν1) is ν1 ∼ ν 2 2 , which is similar to the measured empirical relation. The separation between the twin frequencies decreases (increases) with increasing the kHz QPO frequency if the lower kHz frequency is more (less) than ∼ 400 Hz. Furthermore, the neutron star (NS) mass-radius relation is obtained by the detected twin kHz frequencies, and both the mass and the radius of star can be determined once the gravitational redshift and the twin kHz QPOs are measured. The estimated NS radius and the gravitational redshift for the NS in Cyg X-2 are R=16 km and z=0.23, respectively. Some theoretical expectations on SAX J1808.4-3658 are proposed, which will wait for the future observational proof.
Introduction
The launch of the X-ray timing satellite, Rossi X-ray Timing Explorer (RXTE), led to the discovery of Quasi Periodic Oscillations (QPOs) in their X-ray brightness, with frequencies ∼ 10 −1 − 10 3 Hz (see van der Klis 2000 for a recent review). Thereafter, the kHz QPO mechanism of LMXB has been paid much attention, however the proposed models are still far from explaining all detected data. The Z sources (Atoll sources), which are high (less) luminous NS LMXBs (Hasinger & van der Klis 1989) , typically show four distinct types of QPOs (van der Klis 2000) . At present, these are the normal branch oscillation (NBO) ν NBO ≃ 5 − 20 Hz, the horizontal branch oscillation (HBO) ν HBO ≃ 10 − 70 Hz, and the kHz QPOs ν 2 (ν 1 ) ≃ 300 − 1300 Hz that typically occur in pairs in more than 20 sources, upper frequency ν 2 and lower frequency ν 1 . In 11 sources, nearly coherent burst oscillations ν burst ≃ 270 − 620 Hz have also been detected during thermonuclear Type I X-ray bursts, which are considered as the NS spin frequencies ν s or twice of them (see, e.g., Chakrabarty et al. 2003; Strohmayer et al. 1996; Strohmayer and Bildsten 2003) . Moreover, the existence of the third kHz QPO has also been reported in three Send offprint requests to: Chengmin Zhang, zhangcm@physics.usyd.edu.au low-luminosity sources (Jonker et al. 2000) . All of these QPOs but the burst oscillations have centroid frequencies that increase with the inferred mass accretion ratė M . Furthermore, the frequencies ν 2 and ν 1 , as well as the frequencies ν 2 and ν HBO , follows very similar relations in five Z sources, and the QPO frequencies of LMXBs and the black hole candidates (BHC) follow a tight and systematical correlation over three orders of magnitude in frequency (Psaltis et al. , 1999 Belloni et al. 2002) .
However the frequency separation between the upper and the lower kHz QPOs ∆ν ≡ ν 2 − ν 1 is not equal to the NS spin frequency Chakrabarty et al. 2003) for the first nuclear-powered X-ray millisecond pulsar SAX J1808.4-3658, which makes the simple beat model in difficulty on account of the discrepancy between the frequency separation about ∆ν = 195 (Hz) and the spin frequency ν s = 401 Hz , however, that it is close to the half of the spin frequency is pointed out (Lamb & Miller 2003) . Nonetheless, the frequency separation decreases systematically with in-stantaneousṀ , e.g., Sco X-1 (van der Klis et al. 1997) , 4U1608−52 (Mendez et al. 1998a , 4U1735-44 (Ford et al. 1998 ) and 4U1728−34 (Mendez & van der Klis 1999 . Then in 4U1728−34 the observed coherent burst frequency 363 Hz is higher than its maximum ∆ν ∼ 355 Hz (Mendez & van der Klis 1999), and further in 4U 1636-53 the peak separation is observed to change from less than (half) the burst oscillation frequency to more than that (Jonker et al. 2002) , which seems to make the simple beat model (Miller et al. 1998 ) inadequate except the further arguments proposed (see, e.g., Jonker et al. 2002) .
The various theoretical models have been proposed to account for the QPO phenomena in X-ray binaries (review see, e.g., Psaltis 2000) . In the early detection of RXTE, the upper kHz QPO ν 2 is simply considered to originate from the Keplerian orbital frequency at the preferred radius close to the compact object, which exhibits the inner accretion flows, and the lower kHz QPO ν 1 is attributed to the beat of such frequency with the stellar spin frequency ν s (Strohmayer et al. 1996; Miller et al. 1998; Alpar & Shaham 1985) . Later on, the general relativistic effects are invoked to account for kHz QPOs (SV99 for short); Psaltis & Norman 2000) , which can satisfactorily explain the varied kHz QPO separation ∆ν. In the model of SV99, the twin kHz QPOs are ascribed to the Keplerian frequency and the periastron frequency of material orbiting the central mass at the same radius, and then the exploited frequencies valid for the particle motion in the pure Schwarzschild gravitational field and the vacuum environments face up the argument when the plasma flow in the not too weak magnetic region around the high speed spinning object is taken into account. Moreover, the theory of epicyclic parametric resonance in relativistic accretion disk was proposed (Abramowicz & Kluzniak 2001; Kluzniak & Abramowicz 2001 , 2002 Abramowicz et al. 2003) , where the twin kHz QPOs occur at the frequency of meridional oscillation and the radial epicyclic frequency in the same orbit, which can interpret the frequency ratio 3:2 detected in black hole candidates (e.g., XTE J1550-564, Remillard et al. 2002) . Although many other viable ideas are also proposed, such as the diskseismic model (see, e.g., Wagoner 1999), a twooscillator model (Osherovich & Titarchuk 1999; Titarchuk et al. 1998) and the photon bubble model (Klein et al. 1996) , there has not yet been any model satisfactorily to explain all observed QPO phenomena of LMXBs until now. The mechanisms of kHz QPOs of accreting X-ray binaries are still debated and open problems.
The paper is organized as follows. In section 2, the MHD Alfven wave oscillation model (AWOM) is described, and its predictions and comparisons with the well detected sample sources are listed in the tables and plotted in the figures. In section 3, the estimation of NS mass and radius by the detected kHz QPO data and the gravitational redshift is studied. The estimation of the characteristic radius, the quasi sonic-point radius, is given in APPENDIX. The conclusions and consequences of the model are discussed in the final section. The speed of light c and Newton's gravitation constant G are used as usual.
The Model
While the mechanisms responsible for the twin kHz QPOs in LMXBs are still uncertain, we associate them with the Alfven wave oscillation frequencies (AWOFs) at a certain preferred radius, the quasi sonic-point radius, described in APPENDIX, where the AWOF with the spherical accretion mass density coincides with the Keplerian orbital frequency ν K and the AWOF with the polar accretion mass density is lower than ν K except on the surface of star. As a phenomenological prescription, these two AWOFs are interpreted to account for a upper kHz QPO ν 2 and a lower kHz QPO ν 1 , respectively. As a preliminary investigation of kHz QPO mechanisms, we are not concerned with the actual mechanisms by which kHz QPOs in the X-ray fluxes of LMXBs may be produced (see, e.g., Miller et al. 1998; Psaltis 2000; Klis 2000 for extensive discussion on various possibilities). Rather, our main purpose is to stress the consistence between the model and the measured kHz QPO data to arise the further understanding of the behavior of accretion flow in LMXBs, and leave the mechanism possibility arguments in the discussion forum of the final section. Therefore, it is remarked that the following model description is far from clear in physics picture.
At the quasi sonic-point radius r depicted in APPENDIX, the Alfven velocity
where B(r) = B s (R/r) 3 and B s are the dipole magnetic field strengths at the radius r and at the surface of star with the radius R, respectively. Therefore, the Alfven wave oscillation frequency ν A can be calculated by
where the mass density of the accreted matter ρ = M /[Sv f f ] (Shapiro & Teukolsky 1983 , Frank et al. 1992 is applied with the accretion rateṀ , the free fall velocity v f f = 2GM/r = c R s /r, where R s = 2GM/c 2 is the Schwarzchild radius and can be expressed as R s ≃ 3m(km) = 0.3m(10km) with m = M M⊙ , the NS mass in unit of solar mass, and the area S representing the spherical area S r or the polar cap area S p , which are constrained by the radius r and expressed, respectively,
where θ c is the open angle of the last field line to close at radius r. As an approximation, the polar cap area is usually written as S p = 2πR 3 r if R ≪ r (Shapiro & Teukolsky 1983) . For simplicity, it is convenient to write the two areas by means of the scaled radius parameter X ≡ R/r,
It is assumed that the upper and the lower kHz QPO frequencies are from the MHD Alfven wave oscillations with the different accreted material mass densities, corresponding to the different areas S r and S p respectively.
The Alfven wave oscillation frequency with the spherical mass density coincides with the Keplerian frequency (see APPENDIX), therefore,
with the parameter A defined as A = (m/R 3 6 ) 1/2 and R 6 = R/10 6 cm, or equivalently expressed as,
The physical meaning of A is clear that A 2 represents the measurement of NS averaged mass density. So, by means of Eq.
(2) with the correlation ν A ∝ √ S, we have the lower kHz QPO frequency,
The twin kHz QPO frequencies only depend on the two variables, the parameter A and the scaled radius X=R/r, so these two variables can be implied if the twin kHz QPO frequencies are simultaneously detected. Therefore, the ratio of twin frequencies is easily obtained, by setting
which is independent of the parameter A and is only related to the parameter X. Furthermore, the twin frequency separation is given as follows,
The comparisons of the model's conclusions to the detected four X-ray sources (4U1608−52, 4U1735-44, 4U1728−34 and Sco X-1) are listed in the tables and figures hereafter. The relations ν 2 versus ν 1 and ∆ν versus ν 1 are plotted in FIG.1 and FIG.2 , respectively, together with the well measured four samples, and they show that the agreements between the model and the observed QPO data are quite well for the selected ranges of the NS parameters A=0.6, 0.7 and 0.8. In FIG.2 , we find that ∆ν increases with increasing ν 1 if ν 1 < 408 (A/0.7) Hz and ∆ν decreases with increasing ν 1 if ν 1 > 408 (A/0.7) Hz. The theoretical relation between the twin frequencies is derived from Eq.(6) and Eq.(8),
where ν 2k = ν 2 /(1kHz). If ν 2 ≪ 1850A(Hz) = 1295( A 0.7 )(Hz), we have the approximated theoretical relation between the twin frequencies if the Taylor expansion is performed in Eq.(11),
The similar ν 1 − ν 2 empirical correlation has also been found for the measured kHz QPO sources (see, e.g., Psaltis et al. 1998; Psaltis 2000; Psaltis and Norman 2000) . In Eq.(9), the ratio between ν 1 and ν 2 is nothing to do with the parameter A but only depends on the scaled radius parameter X=R/r, so this means that the position to exhibit the kHz QPO can be determined once ν 1 and ν 2 are simultaneously detected. The star radii might be diversified, then the X distribution for these four sample sources is very similar (see TABLE II, FIG.3 and FIG.4) . From Eq.(9), we can also obtain the simplified ν 1 − ν 2 relation as follows,
where
, so this implies that the variation of ν 2 2k ν 1k locates in a narrow domain, which indicates the approximated relation ν 1 ∼ ν 2 2 if the distribution of parameter A is homogeneous. If we consider the averaged X and A of the four samples, < X >≃ 0.88 and < A >= 0.68 (see TABLE I and TABLE II) , then we have the specific theoretical relation between ν 1 and ν 2 as, ν 1 = 641(Hz)ν 2 2k . The theoretical maximum frequency separation ∆ν max can be calculated by the condition of d[∆ν max ]/dX = 0, where we obtain X = 0.7, ν 2 /ν 1 = 2.12 and ∆ν max = 583A(Hz) = 408(A/0.7)(Hz). The interested fact is that the ratio of ∆ν max to A is a constant (583(Hz) at X=0.7), and we also have ν 2 /∆ν max = 2.12/1.12 ∼ 2 and ν 1 /∆ν max = 1/1.12 ∼ 1. Generally, our model concludes that the detected higher averaged frequency separation would correspond to the larger averaged NS mass density. Nonetheless, the maximum values of twin frequencies coincide and occur at X=1, which are ν 1max = ν 2max = 1850A(Hz) = 1295( A 0.7 )(Hz), and the ratio between the maximum kHz QPO frequency and the maximum peak separation is about ν 2max /∆ν max ∼ 3. The comparison between the theoretical maximum frequency separation and the measured maximum frequency separation is listed in TABLE II.
For the first discovered nuclear-powered X-ray millisecond pulsar SAX J1808.4-3658, the theoretical predictions would be significant. From the detected twin frequencies , ν 2 = 694 (Hz), ν 1 = 499 (Hz) and ∆ν = 195 (Hz), as well as y = ν2 ν1 = 1.39 = 7 : 5, we obtain its parameter A ≃ 0.45, which is slightly lower than those of other four sample sources (see TABLE I ). The theoretical expected maximum peak separation is, ∆ν max = 262 (Hz), appearing at ν 2 = 670 (Hz) and ν 1 = 463 (Hz), and the theoretical maximum kHz QPO frequencies are ν 1max = ν 2max = 833(Hz). These theoretical predictions of the model need the proof of further QPO detections, and then we would know if the proposed kHz QPO mechanism is applicable. It is stressed that the model implied mass-radius relation for SAX J1808.4-3658 is R 6 = 1.71m 1/3 (10km), which is a little differ-ent from that estimated by Burderi and King (1999) as R 6 = 1.38m 1/3 (10km).
In FIG.3, we plot ν 2 /ν 1 versus ν 1 diagram, and that the ratio ν 2 /ν 1 decreases with increasing ν 1 is found. The averaged frequency ratio for the four sample sources is about < y >= 1.4 = 7 : 5, corresponding to the averaged X, < X >= 0.88, which is same as that of SAX J1808.4-3658 (694:499=1.39=7:5). In FIG.4 , we plot ν 2 /ν 1 versus X, and find that the theoretical curve is independent of the parameter A, which reflects the pure geometrical scaling relation between the twin frequency ratio and the parameter X=R/r. The X distributions for four samples are very similar (from X=0.8 to X=0.93), which implies that the dynamic mechanism to account for kHz QPO is intimately related to the scaled radius X and has no direct relation with the other physical quantities. Furthermore, the maximum and the minimum value of the twin frequency ratios of four samples are y min = 1.25 = 5 : 4 and y max = 1.67 = 5 : 3, which correspond to the scaled radii as X max = 0.93 and X min = 0.80, respectively. Moreover, the interested coincidences of kHz QPO ratios are also investigated. If we set the golden number to be ξ = ( √ 5 − 1)/2 ≃ 8 13 = 0.618, and X g+ = X min + ξ(X max − X min ) = 0.88 and X g− = X max − ξ(X max − X min ) = 0.85, then we find y(X g+ ) = y(0.88) = 7 5 and y(X g− ) = y(0.85) = 3 2 . The products of two specific ratios are same, i.e., y(X min )y(X max ) = 5 4 × 5 3 ≃ 2.1 and y(X g+ )y(X g− ) = 2.1, and further y −2 (X min ) + y −2 (X max ) = 1 is obtained. The coincidence between the arithmetic mean and the geometric mean is also found to be y(X g+ )y(X g− ) = y(X min )y(X max ) = 1.45 and [y(X g+ ) + y(X g− )]/2 = 1.45. Nonetheless, y(X g− ) = y(0.85) = 3 2 is a typical ratio detected in the three black hole candidates (Remillard et al. 2002; McClintock & Remillard 2003) . Until now, we have not yet assured if these coincidences have shown some fundamental accretion flow mechanisms around NS, which exhibits the geometrically scaled homogeneous.
The mass and the radius constrain conditions have been given as (Miller et al. 1998 ) m ≤ 2170/ν 2 ≃ 2.2/ν 2k and R 6 ≤ 1950/ν 2 ≃ 2/ν 2k , through assuming that accretion disk radius is larger than the innermost stable circular orbit (ISCO) radius for the kHz QPO sources. From Eq. (7), the new radius constrain condition is obtained if the lower limit of NS mass 1.2 M ⊙ is set,
which is a stronger condition than that obtained by Miller et al. (1998) . Of course, we can also apply the condition of maximum theoretical upper kHz QPO frequency to occur at the surface of star, i.e., 1850A ≥ ν 2 or A ≥ ν 2k /1.85, to constrain the radius, and then we have R 6 ≤ (1.85 2 m/ν 2 2k ) 1/3 ≤ 2/ν 2k , which has been given by Miller et al. (1998) .
In TABLE II, we find that the four sources are very homogeneous in the positions to exhibit the maximum ν 2 and the maximum ∆ν, from X=0.93(r ∼ 1.08R) to X=0.85(r ∼ 1.20R), and kHz QPOs may be cut-off if they are far beyond this domain. The model seems to conclude that the kHz QPOs of these four sources occur at the domain from r ≃ 1.1R to r ≃ 1.2R. However, SAXJ1808.4−3658 seems to be a little different from these four samples, and it is too early to have the certain conclusions on it because its QPO data are not so fruitful as those of other four sources. In reality, a broad transition zone should exist on account of the magnetic field line penetration via Kelvin-Helmholtz instability, turbulent diffusion and reconnection, and the thickness δ of the transition zone is estimated approximately δ/r ∼ 3% (see, e.g., Shapiro & Teukolsky 1983; Ghosh & Lamb 1979) . If this ∼ 3% modification factor is taken into account, the domain to exhibit kHz QPO would be expanded into the area from r ≃ 1.08R to r ≃ 1.26R, corresponding to X=0.93 and X=0.79 respectively, a consistent result with the obtained X max = 0.93 and X min = 0.80 of four samples (see also FIG.3 and TABLE II).
The determination of the mass and the radius by kHz QPO and the gravitational redshift
It is relatively straightforward to determine the NS mass for the pulsar in the binary system (Thorsett & Chakrabarty 1999 ), but it is much more difficult to measure the NS radius. However, if the parameter A and the gravitational redshift are known, we can determine both the mass and the radius by the formula. The approach has been existed to measure the gravitational redshift caused by the strong gravitational field at the surface of star, by Chandra and XXM-Newton Observatory (Jansen et al. 2001) . The gravitational redshift z links the ratio of NS mass to its radius and is described by the relative shift of the spectrum wavelength (λ) as z = ∆λ λ ≃ GM c 2 R (Shapiro & Teukolsky 1983) . Generally, in the Schwarzchild spacetime, we can write 1 + z = (1 − Rs R ) −1/2 (or equivalently, Sanwal et al. 2002) , which can be written in the scaled parameters in an equivalent way,
In the case of low redshift z ≪ 1, we have the following approximation,
If the gravitational redshift z and the parameter A are known, we can determine both the mass and the radius of star from Eq. (7) and Eq.(16), described in the following two equations,
If the innermost stable circular orbit (ISCO: R ISCO = 3R s = 0.9m (10 km)) is the minimum stable radius to produce the QPO or the gravitational redshift, then we can apply this condition to constrain the maximum gravitational redshift for the kHz QPO sources can be calculated to be, z max = z(R ISCO ) = 0.23, which is smaller than that detected z=0.35 in the low-mass X-ray binary EXO0748-676 (Cottam et al. 2002) , so the possible explanation is that the position to exhibit the X-ray spectrum locates inside ISCO. So we can also conclude that the radius of NS in EXO0748-676 is less than ISCO, i.e., R < R ISCO .
Furthermore, we can use the mass and the radius constraint conditions, as well as Eq. (7) and Eq.(15), to constrain the gravitational redshifts for the detected kHz QPO sources, as we have
Once the upper limit and the lower limit of m/R 6 are known, then we can derive the upper limit and the lower limit of the gravitational redshift. The lower limit of z can be roughly constrained by,
where the conservative lower limit of NS mass 1.2M ⊙ is applied after Miller (2002) although the lower limit of NS mass ∼ 0.97 ± 0.24M ⊙ (LMXB: 2A 1822-371) has been declared recently (Jonker et al. 2003) . For the four samples, the estimated mass range 1.2M ⊙ ≤ m ≤ 2170/ν 2max , the radius range of Eq.(14) and the gravitational redshift range are listed in TABLE I. Moreover, we also have a simple method to estimate the upper limits of the mass, the radius and the gravitational redshift. In TABLE II, the maximum ν 2 of the five samples seems to come from the radius approximately r ∼ 1.1R, so we have the condition 1.1R ≥ R ISCO or m/R 6 ≤ 1.2, which gives the upper limit of the redshift z ≤ 0.25. The mass and the radius constrain conditions are also given as,
From the simultaneously detected kHz QPO twin frequencies, we can determine the parameter A or the massradius relation, which will provide the constraints on the equation of state (EOS) of NS nuclear matter. But the current model can not derive both the mass and the radius of star independently from kHz QPO data except the other astrophysical observations have been performed, such as the gravitational redshift measurement. In FIG.5 , we plot mass vs. radius diagram. To constrain NS EOS by kHz QPO detection has been paid much attention (see, e.g., Lattimer & Prakash 2001; Li et al. 1999; Miller et al. 1998 ), so knowing the value of A (∼ M/R 3 ) is particularly important because we can constrain the equation of state of the superdense matter in the NS interiors, infer the internal composition of NS, and test the theories of nuclear interactions. In case the gravitational redshift z is measured, we have an opportunity to determine both the mass and the radius of star through z and A. Until now, two events of the gravitational redshifts have been discovered in two NS X-ray sources. The two absorption features in the source spectrum of 1E 1207.4-5209, a neutron star in the center of the supernova remnant PKS 1209-51/52, was detected with the ACIS detector aboard the Chandra X-Ray Observatory (Sanwal et al. 2002) , and the interpretation yields a gravitational redshift of about 0.17 (0.12-0.23). z=0.35, bigger than 0.23 at ISCO, was detected in the low-mass X-ray binary EXO0748-676 (Cottam et al. 2002) as well. In FIG.5 , if the measured resdhifts z=0.17, 0.35 are the possible lower and upper limit for the four sample kHz QPO sources, < A >= 0.68, we find that mass range is from =1.4 M ⊙ to 2.7 M ⊙ with the radius range from 14 (km) to 18 (km), which seems to fit for the EOS of CPC (Core is the Bose-Einstein condensate of Pions) and is not consistent with some models of the normal neutron matter (CN1, CN2) and the strange matter (CS1, CS2) (Miller 2002.) . For SAX J1808.4-3658, the mass and the radius are bigger than 2.0 M ⊙ and 21 (km), respectively, if the gravitational redshift is higher than 0.17. If we need its mass to be less than 3 M ⊙ , the gravitational redshift of it should be less than 0.27. For the four samples, there is no cross section between the parabola curve with A=0.68 and the curves CS1 and CS2 that represent the EOSs of strange star, so the possibility of the strange star (see, e.g., ) is excluded except A > 0.68 and close to unity. Although there exists the cross sections on the mass-radius curves for the normal neutron matters, then the indicated mass is only 0.6 M ⊙ , much smaller than the current accepted value for the astrophysical argument. Furthermore, if the star radii of the four sources are larger than ISCO radius R ISCO , then we obtain the mass and the radius condition: M ≤ 1.7M ⊙ and R ≤ 15.3km. The middle straight line represents the gravitational redshift z=0.23, corresponding to R = R ISCO , and it divides the mass-radius diagram into two regions, above the line with R < R ISCO and below the line with R > R ISCO .
Discussions and Conclusions
We have proposed a MHD Alfven wave oscillation model (AWOM) for kHz QPO in LMXBs, and have shown that the consistence between the model and the detections is robust. The motivation of the model is traced to the analogies with the magnetic waves in coronal oscillations in solar physics, where the MHD turbulence (Balbus & Hawley 1998 ) driven by Alfven wave oscillations occurs in the magnetic loops of the Sun's coronal atmosphere (Roberts 2000) . While the dynamic details of the mechanisms responsible for the kHz QPOs in LMXBs are still uncertain, so it is convenient to associate them with the MHD Alfven wave oscillations at a certain preferred radius, a quasi sonic-point radius for instance, where the MHD tube loop may be formed to duct the accreted matter onto the polar cap of star. It is imagined that this preferred radius is a critical or a transitional radius at where the spherical accretion matter with the low mass density is transferred into the high mass density to follow the loop to join the accreting neutron star. The critical transition would arise MHD turbulence to liberate much more energy than that at other positions. Whether or not the preferred radius is a sonic-point radius has no direct influence on the twin kHz QPO relations predicted by the model, but the sonicpoint might be a natural choice (See, e.g., Lai 1998) . The preferred radius is needed to be scaled by B/Ṁ 1/2 , which will result in the AWOF to be the Keplerian frequency or several times of it, however the magnetosphere radius R M (uncertain within a factor of 2), Alfven radius R A (Shapiro & Teukolsky 1983) and the generalized marginal stable orbit radius (approximately equal to the usual Alfven radius, see Lai 1998) , as well as the quasi sonic-point radii in the model, are all the potential choices.
The twin QPOs are inversely related to the radii, so the increase of the accretion rate will result in the increase of QPO frequencies. The homogeneous distribution of the detected kHz QPO in Z sources (high mean accretion rate) and Atoll sources (low mean accretion rate) (van der Klis 2000; Psaltis et al. 1999; Belloni et al. 2000) reveals that both sources have the similar geometry scales in the magnetospheres and include the stars with the similar massradius relations. Nevertheless, the uniform in the magnetospheres of two types of sources indicates the proportional correlation between the magnetic field strength and the long-term mean mass accretion rate among LMXBs, which has been suggested independently on the basis of Z and atoll source phenomenology (Hasinger & Van der Klis 1989; White & Zhang 1997) and the magnetic evolution consideration (Cheng & Zhang 1998) . While there are the natural lower limits to the preferred radius, corresponding to the star radius R and ISCO radius R ISCO , the theoretical upper limit of kHz QPO or the upper limit of the mass and the radius can be set. In reality, from the model, the detected QPO frequencies occur at the position ranges from X=0.93 to X=0.80 (or from 1.08R to 1.25R), and we have not yet been clear why these two positions almost coincide with the two quasi sonic-point radii described in APPENDIX.
The comparison between the model and SV99 is meaningful for evaluating the possible mechanism to account for the kHz QPO. In SV99, the higher frequency kHz QPO ν 2 is interpreted in terms of the orbital Keplerian frequency of accreted matter and the lower frequency kHz QPO arises from the periastron precession of the same matter that produces the higher frequency kHz QPO. ∆ν − ν 1 relations of both models share the similar contours, then in our model ∆ν increases with increasing ν 1 if ν 1 < 408(A/0.7) Hz and ∆ν decreases with increasing ν 1 if ν 1 > 408(A/0.7) Hz. Both models share the same maximum kHz QPOs of twin frequencies occurring at ISCO (SV99) and at star surface (our model), respectively.
The determination of the mass and the radius by the detections of kHz QPO and the gravitational redshift is proposed. For the measured NS mass ranges ∼ 1.78 ± 0.23M ⊙ in Cyg X-2 (Orosz & Kuulkers 1999) and the detected twin kHz QPOs, ν 1 =530 Hz, 660 Hz and ν 2 =660 Hz, 1005 Hz (van der Klis 2000), we obtain A=0.66, R = 16.0±0.6 (km) and the gravitational redshift z=0.23±0.03. The possible EOS for NS in the X-ray source Cgy X-2 is the core Bose-Einstein condensate of pions revealed in Fig.5 .
From the statistical point of view, the about 20 more kHz QPO sources, Z sources and Atoll sources, would share the similar conclusions with those of the four samples described here because they are all very homogeneous in their QPO properties (van der Klis 2000). If the detected gravitational redshift 0.175 (0.12-0.23) in LMXB EXO0748-676 (Cottam et al. 2002) is typical for the kHz QPO sources, then we obtain the inferred mass from Eq.(18) is about 1.26 (1.47) M ⊙ for A=0.7 (0.6), which is not so high as ∼ 2M ⊙ expected by a number of authors (see, e.g., SV99; Zhang et al. 1997) . In fact, for the 5.4 ms recycled pulsar B1855+09, descendant of LMXB, has a mass of 1.50 +0.26 −0.14 M ⊙ (Kaspi et al 1994) , and the average mass of LMXBs (i.e., neutron star plus companion star) inferred from their positions in globular clusters (1.5 +0.4 −0.6 M ⊙ ; Grindlay et al. 1984 ) indicates a closer value to the canonical neutron star mass of 1.4 M ⊙ (see, e.g., van Kerkwijk et al. 1995) . Nonetheless, the mass constraints of 26 neutron stars in binary radio pulsar systems have been derived by Thorsett & Chakrabarty 1999 , and a remarkably narrow underlying gaussian mass distribution at m = 1.35 ± 0.04M ⊙ is found. The recent reported NS mass in the white dwarf binary pulsar PSR J1141-6545 system is 1.30 ± 0.02M ⊙ (Bailes et al. 2003) , and the masses of both NSs in a newly discovered double pulsar system PSR J0737-3039 are 1.34 M ⊙ and 1.25 M ⊙ respectively (Lyne et al. 2004 , Burgay et al. 2003 , which are all lower than the typically considered value 1.4 M ⊙ .
The maximum value of kHz QPO can be determined either by r ≥ R ISCO or r ≥ R, for the latter, ν 2max = 1850A = 1295(A/0.7) Hz is obtained. The interesting fact is that the ratio between the theoretical maximum and the observed maximum of ν 2max is about a constant ∼ 1.1 for the four samples, corresponding to X=0.93. In other words, the larger the inferred A the larger the observed maximum ν 2max (Obs), however the possible interpretation for this seems to be that kHz QPOs of all four sources stop at some specific radius. For the averaged value < A >∼ 0.7, ν 2max = 1295 Hz seems to be no contradiction with the observed maximum kHz QPO frequency (van der Klis 2000), so the level-off or the saturation frequency would be higher than the expected before (see, e.g., Zhang et al. 1997 ). Furthermore, it is remarked that the conditions of detecting ν 1max and ν 2max might be different, but the mechanisms for these are presently unknown.
For the four kHz QPO samples, the position domains to exhibit the kHz QPOs are about from r = 1.08R to r = 1.25R, corresponding to the domain thickness ∆r = 0.17R. However, the difference of the two specific radii (quasi sonic-point radii, see APPENDIX) is ∆r = (2 2/7 − 2 1/7 )R A ≃ 0.12R A . If the Alfven magnetosphere comparable to the star radius R A ∼ R and the thickness of the transitional zone ∼ 3%R A are taken into account, then we have a specific domain ∆r ∼ 0.15R, which is close to the value implied by the model with the detected kHz QPO data of four samples. If the Alfven magnetosphere is contracted on the surface of star, the strong turbulence may arise the coherence of the X-ray energy at the quasi sonic-point radius, which account for the observed kHz QPO spectrum. Once the quasi sonic-point radius is too close to the star surface, the disk motion may be faded and there is no sufficient coherent energy transferred to contribute to the kHz QPO. In the current model, the detail of kHz QPO dynamics is still unclear. The homogeneous distribution of kHz QPO frequencies for Z sources and Atoll sources indicate that both the star parameters and the magnetosphere scales would be homogeneous, close to R, however, for the same magnetosphere radius, the Z (Atoll) sources with the higher (lower) longterm averaged luminosity should correspond to the higher (lower) magnetic fields as B ∝Ṁ 1/2 (Hasinger & van der Klis 1989; White & Zhang 1997; Cheng & Zhang 1998) .
The corotation radius R co is calculated by R co6 = (1850A/ν s ) 2/3 R 6 = (1850/ν s ) 2/3 m 1/3 with R co6 = R co /10 6 (cm). For the known NS spin frequencies in seven kHz QPO sources if the burst frequencies are interpreted to be the spin frequencies (see, e.g., Strohmayer & Bildsten 2003; Chakrabarty et al. 2003; Wijnands et al. 2003) , we calculate the corotation radii. The averaged peak separation is < ∆ν >= 309(A/0.7) ∼ 3∆ν max /4 ∼ ν 2max /4 Hz by setting the averaged < X >=0.88, and its ratio to the spin frequency can be given (see TABLE III ). In TABLE III, we can find that the four sources have the ratios (< ∆ν > /ν s ) close to 0.5 (averaged 0.49) and the other three sources have the ratios (< ∆ν > /ν s ) close to 1.0 (averaged 1.05), which corresponds to the corotation radii R co ≃ 1.6R and R co ≃ 2.7R, respectively. At moment, our model cannot explain if this 'quantum' distribution embodies the other physics mechanisms in the accretion flow of LMXBs. Theoretically, the maximum upper frequency is ν 2max ∼ 4 < ∆ν >, so we may imply ν 2max /ν s ∼ N with N=2,4. If this 'quantum' distribution scenario does not exist, however, the guessed possibility may be that the burst frequencies of some sources are the doubles of their spin frequencies. Unfortunately, the detected data of SAX J 1808.4-3658 has rejected the idea that 401 Hz is the double of the spin frequency , which makes the unified theoretical scenario have a long way to go. From the model here, the kHz QPOs occur inside the corotation radii on account of either the higher instantaneousṀ than the long-term mean <Ṁ > or an interchange instability induced inward drift of the accreted matter (see, e.g., Spruit & Taam 1990) .
As a conclusion, it is remarked that the model described here is simply and roughly one, and many physical details are neglected. As discussed, if the model were suc-cessfully to explain the observed QPOs in LMXBs, we can determine or constrain the NS mass and the radius by the kHz QPO and the gravitational redshift detections. In order to cover many detected QPO phenomena, we still have a tough investigation to explore.
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Appendix: The preferred radius and the quasi sonic-point radius
The exact value of the sonic-point radius needs a complicated self-consistent magnetohydrodynamics (MHD) calculations, instead a phenomenological approach has been given by Lai (1998) that the sonic radius mainly depends on the stellar surface field strength B s and mass accretion rateṀ approximately as ∼ B s /Ṁ 1/2 , which has little distinction from the magnetosphere radius (Lai 1998) . In this section, a phenomenological approach is proposed to obtain the preferred radius named after the quasi sonic-point radius because it is similar to and close to Alfven radius and scaled by ∼ B s /Ṁ 1/2 . The Alfven radius R A is determined by the condition of the magnetic ram pressure matching the plasma momentum energy density (Shapiro & Teukolsky 1983; Frank et al. 1992) , where R A = 1.9 × 10 6 (cm)B 4/7 s8Ṁ −2/7 17 m −1/7 R 12/7 6 , and B s8 the surface field in unit of 10 8 Gauss,Ṁ 17 the accretion rate in unit of 10 17 g/s,
. At Alfven radius, the Alfven velocity equals to the free fall velocity. If we set v(r) = v k (r) and ρ(r) = ρ f f (r), then we will obtain a quasi sonic point radius where the Alfven velocity matches the Keplerian flow velocity with the plasma density defined by the free fall velocity, v A (R S1 ) = B(R S1 ) 4πρ(R S1 ) = v k (R S1 ) .
So, the radius R S1 can be obtained to be R S1 = 2 2/7 R A = 1.22R A , at where the Alfven wave oscillation frequency matches the Keplerian frequency, ν A (R S1 ) = ν K (R S1 ), and we name it the quasi sonic-point radius as a distinction of the sonic-point radius by Miller et al. (1998) and Lai (1998) . Furthermore, If we set v(r) = v k (r) and ρ(r) = ρ k (r) =Ṁ /[4πr 2 v k (r)], then we will obtain another quasi sonic point radius where the Alfven velocity matches the Keplerian flow velocity with the plasma density defined by the Keplerian flow velocity,
So again, the radius R S2 can be obtained as R S2 = 2 1/7 R A = 1.1R A . We have R 2 S2 = R S1 R A or R S1 : R S2 = R S2 : R A . It is suggested by Lai (1998) that the sonic radius approaches the usual Alfven radius and there is no distinction between the disk sonic radius and the magnetosphere radius. We emphasize that our proposal is a roughly and phenomenological one and has no detail description of the sonic-point radius, and, in fact, the position of the sonic-point radius would be significant because it may determine the maximum value or minimum value of kHz QPO frequencies. If we assume the kHz QPO to occur at the preferred radius R S1 , then the kHz QPO data of four samples imply that the kHz QPOs may exhibit approximately from R S1 = 1.22R when R A = R to R S1 = 1.10R when R S2 = R, which correspond to the scaled radii, X 1 = 0.82 and X 2 = 0.91, respectively. At present, the persuasive arguments for this coincidence with the model inferred position domains has not yet been figured out clearly. It only takes account of the static polar magnetic field configuration and the phenomenological treatment, which provides a sufficient good approximation to present an analytical description of kHz QPO phenomena, while, as a strict approach, a full MHD treatment should include perturbations of both disk fluid and magnetic fields (Lai 1998) , as well as the MHD turbulence, which is beyond our current task. Fig. 4 . The ratio between the twin kHz QPO frequencies versus the parameter X ≡ R/r diagram. The horizontal axis is X and the vertical axis is the ratio y=ν2/ν1. That the theoretical curve is independent of the NS mass density parameter A is found. The two horizontal lines represent y=5:4 and y=5:3, from bottom to top, respectively, which cover the ratios of the detected kHz QPO data of the four samples. Fig. 5 . The mass versus radius diagram. The horizontal axis represents the radius in unit of km and the vertical axis represents the mass in unit of M⊙. The two parabola curves represent, respectively, the different star mass density parameters A =0.45, 0.68, and the three straight lines represent the redshift parameters z=0.17, 0.23 and 0.35 (from bottom to top), respectively. The five groups of mass-radius relations for various NS EOSs are shown, which is after M.C. Miller (2002) : stars containing strange matter (SN1 and SN2); stars made of normal neutron matter (CN1 and CN2); and stars whose cores become a Bose-Einstein condensate of pions (CPC). : the theoretical maximum ν 2 is ν 2max = 1850A(Hz) = 1295(A/0.7)(Hz). Obs. in parentheses means the detected maximum ν 2 in Hz. 2 : The ratios between the theoretical maximum and the detected maximum of the upper kHz QPQs. 3 : the maximum peak separation ∆ν is ∆ν max = 583A(Hz) = 408(A/0.7)(Hz). Obs. in parentheses means the detected maximum ∆ν in Hz. 4 : The ratios between the theoretical maximum and the detected maximum of the peak separation. 
